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(57) ABSTRACT

A wired circuit board includes an insulating layer and a
conductive pattern embedded in the insulating layer. The
conductive pattern has an exposed surface exposed from one
surface in a thickness direction of the insulating layer and
the insulating layer has the number of times of folding
endurance measured in conformity with JIS P8115 (2001) of
10 times or more.
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WIRED CIRCUIT BOARD

TECHNICAL FIELD

[0001] The present invention relates to a wired circuit
board and a wearable device, preferably, a wired circuit
board and a wearable device including the wired circuit
board.

BACKGROUND ART

[0002] A wearable device is used by being mounted on a
part of the body or clothes of a user. Such a wearable device,
for example, includes a wired circuit board so as to mount
an electronic element for processing electric signals.
[0003] As such a wired circuit board, for example, an
elastic flexible circuit board including an insulation base
material made of a thermoplastic elastomer, a wiring layer
formed on the insulation base material, and an insulation
layer formed on the wiring layer and made of a thermoplas-
tic elastomer has been proposed (ref: for example, Patent
Document 1).

[0004] The elastic flexible circuit board described in Pat-
ent Document 1 is produced by first, forming the wiring
layer on the insulation base material and thereafter, lami-
nating the insulation layer on the insulation base material
and the wiring layer.

CITATION LIST

Patent Document

[0005] Patent Document 1: Japanese Unexamined Patent
Publication No. 2013-187380

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0006] A circuit board in which the wiring layer is formed
on the insulation base material (that is, circuit board before
laminating the insulation layer) may be produced and sold as
an elastic flexible circuit board or a substrate thereof.
[0007] However, in such a circuit board, there is a disad-
vantage that the wiring layer is easily peeled from the
insulation base material.

[0008] An object of the present invention is to provide a
wired circuit board that is capable of suppressing the peeling
of a conductive pattern from an insulation layer, and a
wearable device.

Means for Solving the Problem

[0009] The present invention [1] includes a wired circuit
board including an insulating layer and a conductive pattern
embedded in the insulating layer, wherein the conductive
pattern has an exposed surface exposed from one surface in
a thickness direction of the insulating layer and the insulat-
ing layer has the number of times of folding endurance
measured in conformity with JIS P8115 (2001) of 10 times
or more.

[0010] According to the structure, the conductive pattern
is embedded in the insulating layer, so that the conductive
pattern is hard to be peeled from the insulating layer. Among
all, the insulating layer has the number of times of folding
endurance measured in conformity with JIS P8115 (2001) of
the above-described lower limit or more, so that when the
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wired circuit board is expanded or contracted, the peeling of
the conductive pattern from the insulating layer can be
suppressed. Thus, the wired circuit board has excellent
reliability.

[0011] The present invention [2] includes the wired circuit
board described in the above-described [1], wherein the
exposed surface of the conductive pattern is positioned so as
to be flush with one surface in the thickness direction of the
insulating layer or positioned at the other side in the thick-
ness direction with respect to one surface in the thickness
direction of the insulating layer.

[0012] According to the structure, a short circuit between
the conductive patterns can be suppressed.

[0013] The present invention [3] includes the wired circuit
board described in the above-described [2], wherein the
exposed surface of the conductive pattern is positioned at the
other side in the thickness direction with respect to one
surface in the thickness direction of the insulating layer.
[0014] According to the structure, when the wired circuit
board is produced by a roll-to-roll method and one surface
in the thickness direction of the wired circuit board faces a
roll, the contact area with the roll on one surface in the
thickness direction of the wired circuit board can be reduced,
while a gap between the exposed surface of the conductive
pattern and the surface of the roll is provided. Thus, blocking
of the wired circuit board with the roll can be suppressed.
[0015] The present invention [4] includes the wired circuit
board described in the above-described [2] or [3], wherein
the ratio (T1/T0) of a thickness T1 of the conductive pattern
to a thickness T0 of the insulating layer is 0.05 or more.
[0016] According to the structure, the ratio of T1/T0 is the
specified lower limit or more, so that thinning of the wired
circuit board can be achieved.

[0017] The present invention [5] includes the wired circuit
board described in any one of the above-described [2] to [4],
wherein the thickness T1 of the conductive pattern is 1.0 pm
or more.

[0018] According to the structure, the thickness T1 of the
conductive pattern is the above-described lower limit or
more, so that adhesive properties of the conductive pattern
with respect to the insulating layer can be improved.
[0019] The present invention [6] includes the wired circuit
board described in any one of the above-described [1] to [3],
wherein the conductive pattern further has a facing surface
that is disposed at the other side in the thickness direction
facing the exposed surface at spaced intervals thereto and a
connecting surface that connects the periphery end portion
of the exposed surface to the periphery end portion of the
facing surface, and the facing surface and the connecting
surface are covered with the insulating layer.

[0020] According to the structure, the facing surface and
the connecting surface are covered with the insulating layer,
so that an adhesive force of the conductive pattern with
respect to the insulating layer can be improved. Thus, the
peeling of the conductive pattern from the insulating layer
can be further more suppressed.

[0021] The present invention [7] includes the wired circuit
board described in any one of the above-described [1] to [6],
wherein a tensile storage elastic modulus E' at 20° C. at the
time of subjecting the insulating layer to dynamic viscoelas-
ticity measurement under the conditions of a frequency of 1
Hz and a temperature rising rate of 10° C./min is 1000 MPa
or less.
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[0022] According to the structure, the tensile storage elas-
tic modulus E' of the insulating layer is the specified upper
limit or less, so that the wired circuit board has excellent
elastic properties.

[0023] The present invention [8] includes a wearable
device including the wired circuit board described in any
one of the above-described [1] to [7].

[0024] According to the structure, the wearable device
includes the wired circuit board having excellent reliability,
so that it has excellent reliability.

Effect of the Invention

[0025] The wired circuit board and the wearable device of
the present invention have excellent reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 shows a plan view of one embodiment of a
wired circuit board of the present invention.

[0027] FIG. 2 shows a cross-sectional view of the wired
circuit board shown in FIG. 1 and a cross-sectional view in
a right-left direction along an A-A line.

[0028] FIGS. 3A to 3F show process drawings for illus-
trating a method for producing the wired circuit board
shown in FIG. 2:

[0029] FIG. 3A illustrating a step (1) of forming a seed
layer on the upper surface of a peeling layer,

[0030] FIG. 3B illustrating a step of forming plating
resists on the upper surface of the seed layer,

[0031] FIG. 3C illustrating a step (2) of forming conduc-
tive patterns on the upper surface of the seed layer,

[0032] FIG. 3D illustrating a step (3) of covering the seed
layer and the conductive patterns with an insulating layer,
[0033] FIG. 3E illustrating a step (4) of peeling the peeling
layer from the seed layer, and

[0034] FIG. 3F illustrating a step (5) of removing the seed
layer.
[0035] FIGS. 4A to 4C show embodiments in which a

wearable device including the wired circuit board shown in
FIG. 1 is attached to the skin of the inner-side portion of a
wrist:

[0036] FIG. 4A illustrating a state in which the wrist is not
extended or bended,

[0037] FIG. 4B illustrating a state in which the wrist is
extended, and

[0038] FIG. 4C illustrating a state in which the wrist is
bended.

[0039] FIG. 5 shows an enlarged cross-sectional view of a
wired circuit board (embodiment in which the upper surface
of the conductive pattern is flush with the upper surface of
the insulating layer) of a modified example of one embodi-
ment.

[0040] FIG. 6 shows an enlarged cross-sectional view of a
wired circuit board (embodiment in which the upper surface
of the conductive pattern is positioned at the upper side with
respect to the upper surface of the insulating layer) of a
modified example of one embodiment.

[0041] FIG. 7 shows an enlarged cross-sectional view of a
wired circuit board (embodiment in which the conductive
pattern has a generally tapered shape when viewed in cross
section) of a modified example of one embodiment.
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DESCRIPTION OF EMBODIMENTS

[0042] In FIG. 2, the right-left direction of the paper
surface is a right-left direction (first direction), the left side
of the paper surface is a left side (one side in the first
direction), and the right side of the paper surface is a right
side (the other side in the first direction). In FIG. 2, the
up-down direction of the paper surface is an up-down
direction (second direction perpendicular to the first direc-
tion, thickness direction), the upper side of the paper surface
is an upper side (one side in the second direction, one side
in the thickness direction), and the lower side of the paper
surface is a lower side (the other side in the second direction,
the other side in the thickness direction). In FIG. 2, the depth
direction of the paper surface is a front-rear direction (third
direction perpendicular to the first direction and the second
direction, longitudinal direction (ref: FIG. 1)), the near side
of the paper surface is a front side (one side in the third
direction, one side in the longitudinal direction), and the far
side of the paper surface is a rear side (the other side in the
third direction, the other side in the longitudinal direction).
To be specific, the directions are in conformity with the
direction arrows in each figure.

[0043] In FIGS. 4A to 4C, a sensor 18 and a memory 25
(described later) are omitted so as to clearly show the shape
of a wired circuit board 1 (described later).

1. Wired Circuit Board

[0044] As shown in FIGS. 1 and 2, the wired circuit board
1 that is one embodiment of the present invention includes
an insulating layer 2 and conductive patterns 3 that are
embedded in the insulating layer 2.

[0045] 1-1. Insulating Layer

[0046] As shown in FIG. 1, the insulating layer 2 has the
same outer shape as that of the wired circuit board 1. To be
specific, the insulating layer 2 has a film (sheet) shape in a
generally rectangular shape when viewed from the top
extending in the front-rear direction. As shown in FIG. 2, the
insulating layer 2 includes a flat lower surface 10 and an
upper surface 11 facing the upper side of the lower surface
10 at spaced intervals thereto. The insulating layer 2
includes a plurality of ditch portions 4 corresponding to the
conductive patterns 3. Each of the plurality of ditch portions
4 has an opening upwardly.

[0047] Theinsulating layer 2 is, for example, formed of an
insulating material that satisfies the number of times of
folding endurance to be described later. Examples of the
insulating material include polyurethane resin, (meth)acrylic
resin (meaning acrylic resin and/or methacrylic resin, here-
inafter, the same), urethane-(meth)acrylic resin, silicone
resin, polyolefin resin (to be specific, polyethylene resin,
polypropylene resin, or the like), polyvinyl chloride resin,
polyvinylidene chloride resin, polyvinyl acetate resin, fluo-
rine resin, styrene resin, butadiene resin, and isobutylene
resin. The insulating materials can be used alone or in
combination of two or more.

[0048] As the insulating material, in order to obtain char-
acteristics of having both flexibility and toughness, prefer-
ably, polyurethane resin, (meth)acrylic resin, urethane-
(meth)acrylic resin, and silicone resin are used, and in view
of obtaining excellent folding endurance, more preferably,
urethane-(meth)acrylic resin and silicone resin are used.
[0049] The urethane-(meth)acrylic resin is an ultraviolet
curing resin, and is, for example, obtained by blending a
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material containing polyol, polyisocyanate, (meth)acrylic
acid, and (meth)acrylate to be allowed to react under the
presence of a photopolymerization initiator. To be specific,
the above-described material and the above-described pho-
topolymerization initiator are blended to prepare a mixture,
and an ultraviolet ray is applied to the mixture to cure.

[0050] The silicone resin is a thermosetting resin, and
examples thereof include polydimethyl siloxane, polymeth-
vlphenyl siloxane, and polydiphenyl siloxane. Preferably,
polydimethyl siloxane is used.

[0051] The insulating layer 2 has the number of times of
folding endurance measured in conformity with JIS P8115
(2001) of 10 times or more, preferably 100 times or more,
more preferably, 1000 times or more, further more prefer-
ably, 10000 times or more and, for example, 100000 times
or less. When the number of times of folding endurance of
the insulating layer 2 is below the above-described lower
limit, the peeling of the conductive pattern 3 from the
insulating layer 2 cannot be suppressed at the time of
repeatedly expanding or contracting the wired circuit board
1.

[0052] The details of the measurement method of the
number of times of folding endurance of the insulating layer
2 are described in Examples later.

[0053] A tensile storage elastic modulus E'at 20° C. of the
insulating layer 2 is, for example, 2000 MPa or less,
preferably 1000 MPa or less, more preferably 100 MPa or
less, further more preferably 50 MPa or less, particularly
preferably 20 MPa or less, and for example, 0.1 MPa or
more, preferably 0.5 MPa or more.

[0054] When the tensile storage elastic modulus E' of the
insulating layer 2 is the above-described upper limit or less,
excellent elastic properties of the insulating layer 2 can be
ensured. Meanwhile, when the tensile storage elastic modu-
lus E' of the insulating layer 2 is the above-described lower
limit or more, excellent toughness and excellent handleabil-
ity can be ensured.

[0055] The tensile storage elastic modulus E' at 20° C. of
the insulating layer 2 is obtained by subjecting the insulating
layer 2 to dynamic viscoelasticity measurement under the
conditions of a frequency of 1 Hz and a temperature rising
rate of 10° C./min

[0056] A thickness TO of the insulating layer 2 is, for
example, 5 um or more, preferably 10 pm or more, and for
example, 1000 pm or less, preferably 300 pm or less.

[0057] As shown in FIG. 2, the thickness T0 of the
insulating layer 2 is a distance T0 in the thickness direction
between the lower surface 10 and the upper surface 11 of the
insulating layer 2 in a region that is not overlapped with the
conductive patterns 3 when projected in the thickness direc-
tion.

[0058] The thickness TO of the insulating layer 2 is the
same as the thickness of the wired circuit board 1.

[0059]

[0060] As shown in FIGS. 1 and 2, the conductive patterns
3 are disposed so as to be included in a projected surface of
the insulating layer 2 when projected in the thickness
direction. The conductive patterns 3 integrally include wires
5 extending in the front-rear direction and terminals 6 that
are connected to both end portions in the front-rear direction
of the wires 5.

1-2. Conductive Pattern
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[0061] The plurality of wires 5 are provided at spaced
intervals to each other in the right-left direction. Each of the
plurality of wires 5 has a generally wave shape (or sine wave
shape).

[0062] The plurality of terminals 6 are provided in the
front end portion and the rear end portion of the wired circuit
board 1. Each of the plurality of terminals 6 is provided so
as to be continuous to both end portions in the front-rear
direction of the wires 5. Each of the plurality of terminals 6
is a land having a generally rectangular shape when viewed
from the top.

[0063] As shown in FIG. 2, the conductive pattern 3 (to be
specific, the wire 5) has a generally rectangular shape when
viewed in cross section. To be specific, the conductive
pattern 3 integrally has, as one example of an exposed
surface, an upper surface 7, as one example of a facing
surface, a lower surface 8 that is disposed at the lower side
(one example of the other side in the thickness direction)
facing the upper surface 7 at spaced intervals thereto, and as
one example of a connecting surface, side surfaces 9 that
connect the periphery end portion of the upper surface 7 to
the periphery end portion of the lower surface 8. The
conductive patterns 3 fit in the ditch portions 4 so as to be
exposed from the upper surface 11 of the insulating layer 2.
[0064] The upper surface 7 of the conductive pattern 3 is
positioned at the lower side (one example of the other side
in the thickness direction) with respect to the upper surface
11 of the insulating layer 2. A step portion 21 with respect
to the upper surface 11 of the insulating layer 2 is formed by
the upper surface 7 of the conductive pattern 3 and the
inner-side surfaces of the ditch portion 4 that are at the upper
side with respect to the upper surface 7. The upper surface
7 of the conductive pattern 3 is a surface that is in parallel
with the upper surface 11 of the insulating layer 2, and a flat
surface extending in the front-rear direction. Furthermore,
the upper surface 7 of the conductive pattern 3 is an exposed
surface that is exposed from the upper surface 11 of the
insulating layer 2.

[0065] The lower surface 8 of the conductive pattern 3 is
a flat surface that is in parallel with the upper surface 7 of
the conductive pattern 3. The lower surface 8 of the con-
ductive pattern 3 is covered with the inner-side surfaces of
the ditch portion 4 of the insulating layer 2. To be specific,
the lower surface 8 of the conductive pattern 3 is in direct
contact with the ditch portion 4 of the insulating layer 2.
[0066] The side surfaces 9 of the conductive pattern 3 are
surfaces along the thickness direction (the up-down direc-
tion), and are covered with the inner-side surfaces of the
ditch portion 4 of the insulating layer 2. The side surfaces 9
of the conductive pattern 3 are in direct contact with the
ditch portion 4 of the insulating layer 2.

[0067] The conductive pattern 3 is, for example, formed of
a conductive material such as copper, nickel, and gold or an
alloy thereof. As the conductive material, preferably, copper
is used.

[0068] The size of the conductive pattern 3 is appropri-
ately set in accordance with its usages and purpose, and is
not particularly limited. A length (width) in the right-left
direction of each of the plurality of wires 5 is for example,
12 um or more, preferably 15 um or more, and for example,
1000 um or less, preferably 750 pm or less. An interval
between the wires 5 that are next to each other is, for
example, 12 pm or more, preferably 15 pm or more, and for
example, 10000 pum or less, preferably 7500 um or less. A
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length (width) in the front-rear direction of each of the
plurality of wires 5 is, for example, 10 mm or more,
preferably 20 mm or more, and for example, 250 mm or less,
preferably 100 mm or less. A length in the right-left direction
and a length in the front-rear direction of each of the
plurality of terminals 6 are, for example, 100 um or more,
preferably 200 um or more, and for example, 10000 pm or
less, preferably 5000 pum or less. An interval between the
terminals 6 that are next to each other is, for example, 50 um
or more, preferably 100 um or more, and for example, 10000
um or less, preferably 5000 pm or less.

[0069] The ratio (S1/S0) of a plane area S1 (projected area
when projected in the thickness direction) of the conductive
pattern 3 to a plane area SO of the insulating layer 2, that is,
the ratio of the conductive pattern 3 to the insulating layer
2 when projected in the thickness direction is, for example,
70% or less, preferably 60% or less, and for exaniple, 1% or
more, preferably 3% or more. When the ratio of S1/50 is the
above-described upper limit or less, the wired circuit board
1 has excellent elastic properties.

[0070] A thickness T1 (distance T1 in the thickness direc-
tion between the upper surface 7 and the lower surface 8) of
the conductive pattern 3, that is, the thickness T1 of each of
the wires 5 and the terminals 6 is, for example, 0.3 pm or
more, preferably 0.8 pm or more, more preferably 1.0 pm or
more, and for example, 112 pum or less, preferably 75 um or
less, more preferably 40 pm or less. When the thickness T1
of the conductive pattern 3 is the above-described lower
limit or more, an adhesive force of the conductive pattern 3
with respect to the insulating layer 2 can be improved, and
the peeling of the conductive pattern 3 from the insulating
layer 2 can be suppressed.

[0071] The ratio (T1/T0) of the thickness T1 of the con-
ductive pattern 3 to the thickness TO of the insulating layer
2 is, for example, below 1, preferably 0.9 or less, more
preferably 0.8 or less, and for example, 0.05 or more,
preferably 0.1 or more, more preferably 0.2 or more. When
the ratio of T1/T0 is the above-described lower limit or
more, thinning of the wired circuit board 1 can be achieved.
[0072] A thickness T2 of the insulating layer 2 that is
positioned at the lower side of the conductive pattern 3, that
is, the thickness T2 of the insulating layer 2 facing the
conductive pattern 3 in the thickness direction is, for
example, 200 um or less, preferably 150 um or less, more
preferably 10 pm or less, and for example, 5 um or more.

[0073] The ratio (T2/T0) of the thickness T2 of the insu-
lating layer 2 that is positioned at the lower side of the
conductive pattern 3 to the thickness TO of the insulating
layer 2 is, for example, 0.95 or less, preferably 0.85 or less,
more preferably 0.75 or less, and for example, 0.1 or more.
When the ratio of T2/T0 is the above-described upper limit
or less, thinning of the wired circuit board 1 can be achieved,
while an adhesive force of the conductive pattern 3 with
respect to the insulating layer 2 is ensured.

[0074] The ratio (T1/T2) of the thickness T1 of the con-
ductive pattern 3 to the thickness T2 of the insulating layer
2 that is positioned at the lower side of the conductive
pattern 3 is, for example, 0.05 or more, preferably 0.1 or
more, and for example, 0.9 or less, preferably 0.8 or less.
When the ratio of T1/T2 is the above-described lower limit
or more, thinning of the wired circuit board 1 can be
achieved.

[0075] A distance T6 in the thickness direction between
the upper surface 7 of the conductive pattern 3 and the upper
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surface 11 of the insulating layer 2, that is, a depth T6 of the
above-described step portion 21 is, for example, 0.5 um or
more, preferably 1 um or more, and for example, 10 um or
less, preferably 5 um or less.

[0076] The ratio (T6/T0) of the depth T6 of the step
portion 21 to the thickness T0 of the insulating layer 2 is, for
example, 0.01 or more, preferably 0.03 or more, and for
example, 0.5 or less, preferably 0.3 or less. When the ratio
of T6/T0 is the above-described lower limit or more, the
time to remove a seed layer 15 in a step (5) to be described
later can be sufficiently ensured, so that a short circuit of the
conductive patterns 3 that are next to each other via the seed
layer 15 can be suppressed.

[0077] The sum (T1+T6) of the thickness T1 of the
conductive pattern 3 and the depth T6 of the step portion 21
is a depth of the ditch portion 4, and is, for example, 1 pm
or more, preferably 10 um or more, and for example, 300 um
or less, preferably 100 pm or less.

[0078] Theratio (T1+T6)/T0)of the depth (T1+T6) of the
ditch portion 4 to the thickness T0 of the insulating layer 2
is, for example, 0.1 or more, preferably 0.2 or more, and for
example, 0.9 or less, preferably 0.8 or less. When the
above-described ratio is the above-described lower limit or
more, thinning of the wired circuit board 1 can be achieved,
while an adhesive force of the conductive pattern 3 with
respect to the insulating layer 2 is ensured.

2. Method for Producing Wired Circuit Board

[0079] Next, a method for producing the wired circuit
board 1 is described with reference to FIGS. 3A to 3E

[0080] The producing method includes a step (1) of form-
ing the seed layer 15 on the upper surface (one example of
one surface in the thickness direction) of a peeling layer 16
(ref: FIG. 3A), a step (2) of forming the conductive patterns
3 on the upper surface (one example of one surface in the
thickness direction) of the seed layer 15 (ref: FIGS. 3B and
3C), a step (3) of covering the seed layer 15 and the
conductive patterns 3 with the insulating layer 2 (ref: FIG.
3D), a step (4) of peeling the peeling layer 16 from the seed
layer 15 (ref: FIG. 3E), and a step (5) of removing the seed
layer 15 (ref: FIG. 3F).

[0081] In the producing method, the wired circuit board 1

is, for example, produced by a roll-to-roll method or a single
wafer (batch) method.

[0082] In the following, each of the steps is described.
[0083] 2-1. Step (1)
[0084] Inthe step (1), as shown in FIG. 3A, the seed layer

15 is formed on the upper surface (one example of one
surface in the thickness direction) of the peeling layer 16.

[0085] The seed layer 15 is, for example, formed of a
metal material such as chromium, gold, silver, platinum,
nickel, titanium, silicon, manganese, zirconium, and an alloy
thereof or an oxide thereof. As the metal material, prefer-
ably, copper is used.

[0086] The peeling layer 16 is not particularly limited as
long as it is a supporting layer capable of supporting the seed
layer 15 and being peeled therefrom. Examples thereof
include a resin layer and a metal layer. Preferably, a metal
layer is used. The metal layer is, for example, formed from
a metal material such as stainless steel, aluminum, and
42-alloy into a sheet shape. As the metal material, prefer-
ably, stainless steel is used. A thickness of the peeling layer
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16 is, for example, 18 um or more, preferably 30 um or
more, and for example, 200 um or less, preferably 100 pm
or less.

[0087] To form the seed layer 15 on the upper surface of
the peeling layer 16, for example, a wet process such as
plating and a dry process such as vacuum deposition and
sputtering are used. The seed layer 15 is formed on the upper
surface of the peeling layer 16 by preferably plating, more
preferably, electrolytic plating.

[0088] The seed layer 15 is formed on the entire upper
surface of the peeling layer 16.

[0089] A thickness of the seed layer 15 is, for example,
0.03 pm or more, preferably 0.3 um or more, and for
example, 5 um or less, preferably 3 pm or less.

[0090] 2-2. Step (2)

[0091] The step (2) is performed after the step (1). In the
step (2), as shown in FIG. 3C, the conductive patterns 3 are
formed on the upper surface of the seed layer 15.

[0092] As shown in FIGS. 3B and 3C, preferably, the
conductive patterns 3 are formed on the upper surface of the
seed layer 15 by an additive method.

[0093] To be specific, first, as shown in FIG. 3B, plating
resists 17 are formed from a dry film resist on the upper
surface of the seed layer 15 in a pattern reverse to the
conductive patterns 3. Next, as shown in FIG. 3C, the
conductive patterns 3 are laminated on portions that are
exposed from the plating resists 17 on the upper surface of
the seed layer 15 by electrolytic plating that supplies elec-
tricity from the seed layer 15. Thereafter, the plating resists
17 shown by phantom lines of FIG. 3C are, for example,
removed by using a peeling solution.

[0094] The conductive patterns 3 have a shape continuous
to the upper surface of the seed layer 15.

[0095] 2-3. Step (3)

[0096] The step (3) is performed after the step (2). In the
step (3), as shown in FIG. 3D, the seed layer 15 and the
conductive patterns 3 are covered with the insulating layer
2.

[0097] For example, the insulating layer 2 made of a
semi-solid or solid (to be more specific, B-stage) insulating
material that is formed into a sheet shape in advance is
prepared, and subsequently, the prepared insulating layer 2
is compressively bonded or transferred to the seed layer 15
and the conductive pattern 3. Or, a liquid (to be more
specific, A-stage) insulating material (varnish or the like) is
applied to the seed layer 15 and the conductive pattern 3.
[0098] Thereafter, when the semi-solid or solid insulating
material, or the liquid insulating material is in an uncured
state (A-stage state or B-stage state), the insulating material
is allowed to cure (brought into a C-stage state) by ultra-
violet irradiation or heating.

[0099] In this manner, the insulating layer 2 filling a space
between the conductive patterns 3 and the outside of the
conductive patterns 3 is formed on the upper surface of the
seed layer 15 so as to cover the conductive patterns 3 and the
seed layer 15. To be specific, the insulating layer 2 covers the
upper surface of the seed layer 15, facing surfaces 8 of the
conductive patterns 3 (in FIG. 3D, corresponding to the
upper surfaces 8 and meanwhile, in FIG. 2, corresponding to
the lower surfaces 8), and the side surfaces 9 thereof. In the
insulating layer 2, the portions covering the facing surfaces
8 and the side surfaces 9 of the conductive patterns 3 are the
ditch portions 4.
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[0100] 2-4. Step (4)

[0101] The step (4) is performed after the step (3). In the
step (4), as shown in FIG. 3E, the peeling layer 16 is peeled
from the seed layer 15.

[0102] To be specific, as shown by the phantom lines of
FIG. 3D, the peeling layer 16 is peeled from the seed layer
15, while being deflected downwardly. For example, the
right end portion of the peeling layer 16 is held and pulled
downwardly so as to deflect the peeling layer 16 to be curved
downwardly, so that the right end portion, the central portion
in the right-left direction, and the left end portion of the
peeling layer 16 are sequentially peeled from the right end
portion, the central portion in the right-left direction, and the
left end portion of the lower surface of the seed layer 15,

respectively.
[0103] 2-5. Step (5)
[0104] The step (5) is performed after the step (4). In the

step (5), as shown in FIG. 3F, the seed layer 15 is removed.
[0105] The seed layer 15 is, for example, removed by
etching such as wet etching.

[0106] Along with the removal of the seed layer 15, the
lower end portions of the conductive patterns 3 filling the
ditch portions 4 are removed. In this manner, the step
portions 21 are formed. The thickness T6 of the lower end
portion of the conductive pattern 3 that is removed is the
same as the depth T6 of the step portion 21 described above.
[0107] The wired circuit board 1 shown in FIGS. 1 and 2
is obtained by the above-described steps (1) to (5).

3. Wearable Device

[0108] Next, a wearable device 20 including the above-
described wired circuit board 1 is described.

[0109] As shown in FIG. 1, the wearable device 20
includes the wired circuit board 1, the sensor 18 (the
phantom lines), and the memory 25 (the phantom lines).
[0110] As shown by the phantom lines of FIG. 2, a
covering layer 19 and a pressure-sensitive adhesive layer 23
are provided in the wired circuit board 1 as needed. The
covering layer 19 is formed on the upper surface 11 of the
insulating layer 2 so as to cover the wires 5, and is formed
of an insulating material or the like illustrated in the insu-
lating layer 2. The pressure-sensitive adhesive layer 23 is
provided on the lower surface of the insulating layer 2.
[0111] The sensor 18 is, for example, a measurement
means capable of measuring data such as a pulse, a body
temperature or the like of a user. The sensor 18 is electrically
connected to the terminals 6 at the front end portion of the
wired circuit board 1.

[0112] The memory 25 is a memory means capable of
memorizing data measured by the sensor 18. The memory
25 is electrically connected to the terminals 6 at the rear end
portion of the wired circuit board 1.

[0113] As shown in FIG. 4A, the wearable device 20 is, for
example, attached to (mounted on) the skin of the inner-side
portion of a wrist 24 of a user by the pressure-sensitive
adhesive layer 23.

[0114] The wearable device 20 flexibly follows the exten-
sion of the wrist 24 (transfer to the back of the hand) as
shown in FIG. 4B and the bending of the wrist 24 (transfer
to the palm of the hand) as shown in FIG. 4C.

[0115] To be specific, as shown in FIG. 4B, the skin of the
inner-side portion of the wrist 24 extends by the extension
of the wrist 24, and following this movement, the wired
circuit board 1 of the wearable device 20 extends.
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[0116] Meanwhile, as shown in FIG. 4C, the skin of the
inner-side portion of the wrist 24 bends by the bending of the
wrist 24, and following this movement, the wired circuit
board 1 of the wearable device 20 bends.

4. Function and Effect

[0117] In the wired circuit board 1, the conductive pattern
3 is embedded in the insulating layer 2, so that the conduc-
tive pattern 3 is hard to be peeled from the insulating layer
2. Among all, the insulating layer 2 has the number of times
of folding endurance measured in conformity with JIS
P8115 (2001) of the above-described lower limit or more, so
that when the wired circuit board 1 is expanded or con-
tracted, the peeling of the conductive pattern 3 from the
insulating layer 2 can be suppressed. Thus, the wired circuit
board 1 has excellent reliability.

[0118] When the ratio (T1/T0) of the thickness T1 of the
conductive pattern 3 to the thickness TO of the insulating
layer 2 is the specified upper limit or less, thinning of the
wired circuit board 1 can be achieved.

[0119] When the thickness T1 of the conductive pattern 3
is the above-described lower limit or more, adhesive prop-
erties of the conductive pattern 3 with respect to the insu-
lating layer 2 can be improved.

[0120] According to the wired circuit board 1, the lower
surface 8 and the side surface 9 are covered with the
insulating layer 2. so that an adhesive force of the conduc-
tive pattern 3 with respect to the insulating layer 2 can be
improved. Thus, the peeling of the conductive pattern 3 from
the insulating layer 2 can be further more suppressed.

[0121] In the wired circuit board 1, when the tensile
storage elastic modulus E' of the insulating layer 2 is the
specified upper limit or less, the wired circuit board 1 has
excellent elastic properties.

[0122] The wearable device 20 includes the wired circuit
board 1 having excellent reliability, so that it has excellent
reliability.

5. Modified Example

[0123] In the modified example, the same reference
numerals are provided for members and steps corresponding
to those described in one embodiment, and their detailed
description is omitted.

[0124] In one embodiment, as shown in FIG. 2, the upper
surface 7 of the conductive pattern 3 is positioned at the
lower side with respect to the upper surface 11 of the
insulating layer 2. Alternatively, for example, as shown in
FIG. 5, the upper surface 7 of the conductive pattern 3 can
be also positioned so as to be flush with the upper surface 11
of the insulating layer 2.

[0125] That is, as shown in FIG. 5, the upper surface 7 of
the conductive pattern 3 and the upper surface 11 of the
insulating layer 2 are positioned at the same position when
projected in a plane direction (the front-rear direction and
the right-left direction). In this manner, the upper surface 7
of the conductive pattern 3 and the upper surface 11 of the
insulating layer 2 form a single flat surface. That is, the step
portion 21 (ref: FIG. 2) in one embodiment is not formed on
the upper surface of the wired circuit board 1.

[0126] To obtain the wired circuit board 1 shown in FIG.
5, in the step (5) (ref: FIG. 3F), the etching time is adjusted
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so that only the seed layer 15 is removed, and the lower end
portions of the conductive patterns 3 filling the ditch por-
tions 4 are not removed.

[0127] In the wired circuit board 1 shown in FIG. 5, the
same function and effect as that of the wired circuit board 1
of one embodiment can be achieved.

[0128] Meanwhile, the wired circuit board 1 of one
embodiment is preferable in view of suppressing blocking
with the roll with respect to the wired circuit board 1 shown
in FIG. 5.

[0129] That is, in the wired circuit board 1 of one embodi-
ment shown in FIG. 2, when the wired circuit board 1 is
produced by a roll-to-roll method and the upper surface of
the wired circuit board 1 faces a roll (not shown), a gap
(space) between the upper surface 7 of the conductive
pattern 3 and the surface of the roll can be provided, which
is different from the wired circuit board 1 shown in FIG. 5.
Along with this, the contact area with the roll on the upper
surface of the wired circuit board 1 can be reduced. Thus,
blocking of the wired circuit board 1 of one embodiment
shown in FIG. 2 with the roll can be suppressed, compared
to the wired circuit board 1 shown in FIG. 5.

[0130] Meanwhile, as shown in FIG. 6, the upper surface
7 of the conductive pattern 3 can be also positioned at the
upper side with respect to the upper surface 11 of the
insulating layer 2.

[0131] In the wired circuit board 1 shown in FIG. 6, the
lower end portion and the central portion of the conductive
pattern 3 are embedded in the insulating layer 2, while the
upper end portion thereof protrudes upwardly with respect to
the upper surface 11 of the insulating layer 2.

[0132] An embedded depth T4 (that is, distance T4 in the
thickness direction between the lower surface 8 of the
conductive pattern 3 and the upper surface 11 of the insu-
lating layer 2) of the conductive pattern 3, a protruding
length T5 (that is, distance T5 in the thickness direction
between the upper surface 7 of the conductive pattern 3 and
the upper surface 11 of the insulating layer 2) of the
conductive pattern 3, and the ratio (T4/T5) of the embedded
depth T4 to the protruding length T5 of the conductive
pattern 3 are appropriately set in accordance with its usages
and purpose.

[0133] To obtain the wired circuit board 1 shown in FIG.
6, in the step (5) (ref: FIGS. 3E and 3F), first, a dry film resist
(not shown) is laminated on the lower surface of the seed
layer 15; next, an etching resist (not shown) having the same
pattern as the conductive pattern 3 is formed from the dry
film resist by exposure to light and development; and
thereafter, only the seed layer 15 that is exposed from the
etching resist is removed. Thereafter, the etching resist is
removed.

[0134] In the wired circuit board 1 shown in FIG. 6, the
same function and effect as that of the wired circuit board 1
shown in FIG. 2 in one embodiment can be achieved.

[0135] Meanwhile, in view of suppressing a short circuit
between the conductive patterns 3, the wired circuit board 1
shown in FIGS. 2 and 5 is preferable, compared to the wired
circuit board 1 shown in FIG. 6.

[0136] In the wired circuit board 1 shown in FIGS. 2 and
5, the upper surface 7 of the conductive pattern 3 is
positioned at the lower side of or at the same position as the
upper surface 11 of the insulating layer 2, which is different
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from the wired circuit board 1 shown in FIG. 6, so that a
short circuit between the conductive patterns 3 can be
suppressed.

[0137] In one embodiment, as shown in FIG. 2, the
conductive pattern 3 has a generally rectangular shape when
viewed in cross section. Alternatively, for example, as
shown in FIG. 7, the conductive pattern 3 can also have a
generally tapered shape when viewed in cross section.

[0138] In FIG. 7, the conductive pattern 3 has a generally
tapered shape when viewed in cross section in which the
length (width) in the right-left direction thereof gradually
becomes short (narrow) toward the upper side.

[0139] That is, the side surfaces 9 that face each other in
the right-left direction incline so as to gradually get close to
each other toward the upper side.

[0140] The length (width) in the right-left direction of the
lower surface 8 in the wire 5 with respect to the length
(width) in the right-left direction of the upper surface 7 in the
wire 5 is, for example, 101% or more, preferably 105% or
more, and for example, 145% or less.

[0141] According to the wired circuit board 1 shown in
FIG. 7, an adhesive force of the conductive pattern 3 with
respect to the insulating layer 2 can be further more
improved by an anchor effect of the conductive pattern 3
with respect to the insulating layer 2.

[0142] In one embodiment, as shown by the phantom lines
of FIG. 2, the pressure-sensitive adhesive layer 23 is pro-
vided in the wired circuit board 1, and the insulating layer
2 is attached to the skin of the inner-side portion of the wrist
24 of the user via the pressure-sensitive adhesive layer 23.
Alternatively, for example, the insulating layer 2 of the
wired circuit board 1 can be also directly attached (bonded)
to the skin of the inner-side portion of the wrist 24 of the user
without providing the pressure-sensitive adhesive layer 23.

EXAMPLES

[0143] The specific numerical values in mixing ratio (con-
tent ratio), property value, and parameter used in the fol-
lowing description can be replaced with upper limit values
(numerical values defined as “or less” or “below”) or lower
limit values (numerical values defined as “or more” or
“above”) of corresponding numerical values in mixing ratio
(content ratio), property value, and parameter described in

the above-described “DESCRIPTION OF EMBODI-
MENTS”.

Example 1
[0144] The peeling layer 16 made of stainless steel and

having a thickness of 50 um was prepared, and subsequently,
the seed layer 15 made of copper and having a thickness of
1.0 um was formed on the upper surface of the peeling layer
16 by electrolytic copper plating (the step (1), ref: FIG. 3A).

[0145] Next, a dry film resist was laminated on the entire
upper surface of the seed layer 15 and next, the plating
resists 17 were formed on the upper surface of the seed layer
15 in a pattern reverse to the conductive patterns 3 by
exposing the dry film resist to light to be developed (ref:
FIG. 3B). Next, the conductive patterns 3 made of copper
and having a thickness of 3 um were laminated on the upper
surface of the seed layer 15 by electrolytic copper plating
that supplied electricity from the seed layer 15. Thereafter,
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as shown in FIG. 3C, the plating resists 17 were removed by
using a peeling solution (ref: the phantom lines of FIG. 3C,
the step (2)).

[0146] A length in the right-left direction of each of the
plurality of wires 5 was 50 um and a length in the front-rear
direction thereof was 60 mm. An interval between the wires
5 that were next to each other was 4050 um. A length in the
right-left direction and a length in the front-rear direction of
each of the plurality of terminals 6 were 4000 um. An
interval between the terminals 6 that were next to each other
was 100 pm. The plane area S1 of the conductive pattern 3
was 70 mm?>. Separately, a varnish of a mixture (urethane-
acrylic resin) prepared by formulations described in the
“Details” column of “Insulating Material” described in
Table 1 was applied to the seed layer 15 and the conductive
pattern 3. Thereafter, the varnish in an A-stage state and
B-stage state was allowed to cure (brought into a C-stage
state) by applying an ultraviolet ray (irradiance: 340
mW/cm?, amount of light: 4000 mJ/em?) by using a high
pressure mercury lamp, so that the insulating layer 2 was
formed (the step (3), ref: FIG. 3D).

[0147] The thickness TO of the insulating layer 2 was 10
um. The thickness T2 of the insulating layer 2 facing the
conductive pattern 3 was 7 um. The depth of the ditch
portion 4 was 3 pm. The ratio (T1+T6)/T0) of the depth
(corresponding to T1+T6 to be described later) of the ditch
portion 4 to the thickness T0 of the insulating layer 2 was
0.3. The plane area S0 of the insulating layer 2 was 1600
mm?, and the ratio of S1/S0 was 4.375%.

[0148] Next, the peeling layer 16 was peeled from the seed
layer 15 (the step (4), ref: FIG. 3E).

[0149] Thereafter, the seed layer 15 was removed by wet
etching (the step (5), ref: FIG. 3F). Furthermore, along with
the removal of the seed layer 15, the lower end portions of
the conductive patterns 3 filling the ditch portions 4 were
removed.

[0150] The thickness T6 of the lower end portion of the
conductive pattern 3 that was removed was 2 pm. The
thickness T1 of the conductive pattern 3 was 1 pm. The ratio
of T1/T2 was 0.143, the ratio of T6/T0 was 0.2, the ratio of
T1/T0 was 0.1, and the ratio of T2/T0 was 0.7.

[0151] In this manner, the wired circuit board 1 including
the insulating layer 2 and the conductive pattern 3 was
obtained (ref: FIGS. 1 and 2).

Examples 2 to 7 and Comparative Examples 1 and
2

[0152] A wired circuit board 1 was obtained in the same
manner as that of Example 1, except that the size and the
arrangement of the conductive pattern 3, and the type, the
details, and the curing conditions of the insulating material
were changed in accordance with the descriptions in Table
1 (ref: FIGS. 2 and 6).

[0153] In Example 7, an etching resist was formed in the
same pattern as that of the conductive pattern 3; thereafter,
only the seed layer 15 that was exposed from the etching
resist was removed; and then, the etching resist was
removed. In this manner, in Example 6, the upper surface 7
of the conductive pattern 3 was positioned at the upper side
with respect to the upper surface 11 of the insulating layer
2.
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[0154] [Evaluation] The following items were evaluated.
The results are shown in Table 1.

[0155] (1) Insulating Layer
[0156] (1-1) Tensile Storage Elastic Modulus E'
[0157] The tensile storage elastic modulus E' at 20° C. of

only each of the insulating layers 2 of Examples and
Comparative Examples was measured by a dynamic vis-
coelasticity measurement method (DMA method) under the
conditions of a temperature range of -10 to 260° C., a
frequency of 1 Hz, and a temperature rising rate of 10°
C./min.

[0158] (1-2) MIT Test (Folding Endurance)

[0159] The number of times of folding endurance of only
each of the insulating layers 2 of Examples and Comparative
Examples was counted by carrying out a MIT test (folding
endurance test) under the following conditions in conformity
with JIS P8115 (2001). Then, the folding endurance was
evaluated in accordance with the following reference.

[0160] (Conditions)

[0161] Size of test piece: width of 15 mm, length of 110
mm

[0162] Test rate: 175 cpm

[0163] Bending angle: 135°

[0164] Load: 1.0 kgf

[0165] R of bending clamp: 0.38 mm

[0166] Opening of bending clamp: 0.25 mm

[0167] (Reference)

[0168] Good: number of times of folding endurance of 10
times or more

[0169] Bad: number of times of folding endurance of
below 10
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[0170] (2) Wired Circuit Board
[0171] (2-1) Adhesive Properties
[0172] A pressure-sensitive adhesive tape (No. 360UL,

manufactured by NITTO DENKO CORPORATION) was
attached to each of the upper surfaces of the wired circuit
board 1 of Examples and Comparative Examples, and then,
the pressure-sensitive adhesive tape was peeled from the
wired circuit board 1. Subsequently, the movement of the
above-described attachment and peeling was repeated. Then,
the number of times required for peeling the conductive
pattern 3 from the insulating layer 2 was obtained, and the
adhesive properties were evaluated in accordance with the
following reference.

[0173] Excellent: number of times of 3 or more

[0174] Good: number of times of 1 or 2

[0175] Poor: number of times of 0

[0176] (2-2) Short Circuit

[0177] A probe was touched to two wires that were

electrically independent and next to each other, and a
presence or absence of electrical conduction was checked
based on resistance values of a digital multimeter by using
a two-terminal resistance mode of a digital multimeter
(ADVANTEST R6552 DIGITAL MULTIMETER).
[0178] A case where the electrical conduction was present,
a short circuit between the wires was confirmed (short-
circuited). A case where the electrical conduction was
absent, a short circuit between the wires was not confirmed.
[0179] In the case of the presence of electrical conduc-
tion, some numerical value (numeral) was shown on a
liquid crystal display portion of the digital multimeter.
[0180] In the case of the absence of electrical conduc-
tion, “.OL” (meaning OverLoad) was shown on a liquid
crystal display portion of the digital multimeter.
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[0181] While the illustrative embodiments of the present
invention are provided in the above description, such is for
illustrative purpose only and it is not to be construed as
limiting the scope of the present invention. Modification and
variation of the present invention that will be obvious to
those skilled in the art is to be covered by the following
claims.

INDUSTRIAL APPLICABILITY

[0182] The wired circuit board is used in the wearable
device.

DESCRIPTION OF THE REFERENCE
NUMERALS

[0183] 1 Wired circuit board

[0184] 2 Insulating layer

[0185] 3 Conductive pattern

[0186] 7 Upper surface (exposed surface)

[0187] 8 Lower surface (facing surface)

[0188] 9 Side surface (connecting surface)

[0189] 11 Upper surface (insulating layer)

[0190] 20 Wearable device

[0191] FE Tensile storage elastic modulus

[0192] T1 Thickness of conductive pattern

[0193] TO Thickness of insulating layer

What is claimed is:

1. A wired circuit board comprising:

an insulating layer and

a conductive pattern embedded in the insulating layer,
wherein

the conductive pattern has an exposed surface exposed
from one surface in a thickness direction of the insu-
lating layer and

the insulating layer has the number of times of folding
endurance measured in conformity with JIS P8115
(2001) of 10 times or more.
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2. The wired circuit board according to claim 1, wherein

the exposed surface of the conductive pattern is posi-
tioned so as to be flush with one surface in the thickness
direction of the insulating layer or positioned at the
other side in the thickness direction with respect to one
surface in the thickness direction of the insulating layer.

3. The wired circuit board according to claim 2, wherein

the exposed surface of the conductive pattern is posi-
tioned at the other side in the thickness direction with
respect to one surface in the thickness direction of the
insulating layer.

4. The wired circuit board according to claim 2, wherein

the ratio (T1/T0) of a thickness T1 of the conductive
pattern to a thickness T0 of the insulating layer is 0.05
or more.

5. The wired circuit board according to claim 2, wherein

the thickness T1 of the conductive pattern is 1.0 pm or
more.

6. The wired circuit board according to claim 1, wherein

the conductive pattern further has a facing surface that is
disposed at the other side in the thickness direction
facing the exposed surface at spaced intervals thereto
and a connecting surface that connects the periphery
end portion of the exposed surface to the periphery end
portion of the facing surface, and

the facing surface and the connecting surface are covered
with the insulating layer.

7. The wired circuit board according to claim 1, wherein

a tensile storage elastic modulus E' at 20° C. at the time
of subjecting the insulating layer to dynamic viscoelas-
ticity measurement under the conditions of a frequency
of 1 Hz and a temperature rising rate of 10° C./min is
1000 MPa or less.

8. A wearable device comprising the wired circuit board

according to claim 1.
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